Weekly average satellite based estimates of latent heat flux (LHTFL) are used to 40 characterize spatial patterns and temporal variability in the intraseasonal band (periods 41 shorter than 3 months). As expected, the major portion of intraseasonal variability of 42 LHTFL is due to winds, but spatial variability of humidity and SST are also important. 43
Modeling studies (Maloney and Sobel, 2004; Han et al., 2007) suggest that these SST 79 variations may in turn organize intraseasonal atmospheric convection and thus provide an 80 air-sea interaction mechanism for phenomena such as the 30-60 day Madden-Julian 81
Oscillations (MJOs) (Madden and Julian, 1994) . Since LHTFL is also proportional to 82 evaporation its intraseasonal variations also contribute to variations of surface salinity, 83 thus increasing the impact of LHTFL on surface density. 84
85
In the tropics, high temperatures and thus saturated humidity combined with significant 86 synoptic variability such as MJO lead to significant intraseasonal LHTFL. MJO may be 87 driven in part by the evaporation-wind feedback (Neelin et al., 1987) . MJO is a feature of 88 all tropical sectors, although it is most pronounced over the eastern Indian Ocean and 89 western Pacific Ocean in boreal winter and is strongly modulated by ENSO. MJO is 90 characterized by strong 2-4m/s fluctuations of surface winds and precipitation 91 (Araligidad and Maloney, 2008) . As a result, it produces correlated fluctuations of both 92 LHTFL and shortwave radiation (SWR) with amplitudes of 30-50 Wm -2 and is observed 93 to cause 0. This study is possible due to several improvements to the climate observing system. 122
Beginning in the early 1990s a succession of three satellite scatterometers provides high 123 resolution surface winds. Brightness temperature estimates from the Special Sensor 124
Microwave Imager provide an estimate of relative humidity. When combined with 125 estimates of surface temperature it is possible to estimate LHTFL at weekly resolution 126 (Bentamy et al., 2008) .Clouds and aerosols, the main factors affecting SWR, are available 127 from a variety of sensors flying in both geostationary and polar orbits (Rossow and 128 Schiffer, 1999; Pinker and Laszlo, 1992 
where ρ is the air density, L =2.45*10 6 J/kg is the latent heat of evaporation, p C =1005 144 J/kg is the specific heat of air at constant pressure. The turbulent fluxes in (1) are 145 parameterized using wind speed ( s a w u u − = ) relative to the ocean surface current 146 (relative wind speed is close to actual wind speed outside regions of strong currents), the 147 difference of specific air humidity and specific humidity at the air-sea interface ( Smith OIv2 weekly bulk SST. In the present version no correction is made for cool skin 165 and diurnal warming. The air temperature is determined from remotely sensed data ( a q 166 and SST) based on the Bowen ratio method suggested by Konda et al. (1996) . 167
168
The turbulent fluxes are calculated using the COARE3.0 algorithm from daily averaged 169 values binned onto a 1° global grid over satellite swaths. Due to differences in sampling 170 by different satellite radars and radiometers, the final flux estimate is further averaged 171 weekly and spatially interpolated on a regular 1° grid between 80° S and 80° N using the 172 kriging method as described by Bentamy et al. (1996) LHTFL product over the previous release described in Bentamy et al. (2003) . 185
186
The same buoy network is used to evaluate accuracy of a T retrieval. The time mean 187 satellite derived a T is slightly colder than in-situ air temperature. The bias is weaker at 188 midlatitudes but magnifies up to -0. indirect impact of SST on the near surface atmospheric boundary layer that tends to 259 decelerate over cold water (Wallace et al., 1989 (Figs. 1a -1d ) in spite of rather strong winds in the northern and 267 especially southern hemisphere storm track corridors (Fig. 2a) . 268
269
Regardless of the good correspondence of the geographical distribution of the time mean 270 LHTFL, the four analyses are somewhat different in magnitude. In the current analysis 271 LHTFL (Fig. 1a) has higher values in the trade wind regions than in the other three 272
analyses. This analysis is closer to in-situ ship observations from the ICOADS (Fig. 1d)  273 and the NCEP/NCAR reanalysis (Fig. 1b) is observed near Japan over the warm Kuroshio (Fig. 1 a-d) . In both of these regions the 282 LHTFL experiences the strongest annual variation peaking during the winter, when cold 283 dry continental air off-shore of North America and Japan crosses the Gulf Stream north 284 wall in the Atlantic or the Kuroshio SST front in the Pacific, respectively (Fig. 1e, 1f) . 
Magnitude of intraseasonal variation 294
As expected from (1), the intraseasonal variability of LHTFL is defined by intraseasonal 295 variability of winds (Fig. 2c) and sea-air humidity difference (Fig. 2d) . But the spatial 296 distribution of the intraseasonal LHTFL (Fig. 2e) bears only partial correspondence to the 297 spatial distribution of intraseasonal winds or sea-air humidity difference. In particular, the 298 decrease in variance of intraseasonal LHTFL towards the equator reflects relatively weak 299 variability of intraseasonal wind at low latitudes. In contrast to low latitudes, the 300 intraseasonal variability of LHTFL decreases at high latitudes despite stronger wind 301 variability there. This behavior is explained by the spatial distribution of the time-mean 302 humidity difference that is weak over cold SSTs (and cold a T ) of each hemisphere (Fig.  303   2b) . intraseasonal variability of the Atlantic winds. In fact, the anomalous wind in Fig. 3b  337 decelerates the northern flank of the northeasterly trades (where anomalous LHTFL is 338 somewhat weaker) and significantly accelerates off-shore winds over the Gulf Stream 339 (Fig. 3b) . Maximum increase in wind speed is observed over the warm sector of the Gulf 340
Stream where winds further accelerate due to the atmospheric boundary layer adjustment 341 (Beal et al., 1997) . In addition to intensification of mean winds, the anomalous 342 northwesterly wind outbreaks bring cold and dry continental air towards the sea. 343
Spreading of dry continental air lowers air humidity thus increasing the air-sea humidity 344 contrast (Fig. 3c) . This, in turn, compliments the LHTFL increase due to stronger winds. 345
The ocean responds to continental air outbreaks by cooling SST north of the Gulf Stream 346 northern wall that is seen in decreasing values of s q (Fig. 3c) . In contrast to the LHTFL response to underlying SST that is positive, the SST response to 386 intraseasonal variation of LHTFL is negative over much of the ocean (Fig. 5b) heat transports (rather than surface flux) dominate the mixed layer heat budget. Similar 410 but weaker correlation is found for the short wave radiation, SWR, (Fig. 6b) 3 . In fact the 411 SST rate of change is driven by the net heat flux across the air-sea interface, for which 412 the LHTFL and SWR are the major components. If these two components of the surface 413 flux are combined to better represent the ocean heat lost (LHTFL-SWR), the correlation 414 increases (Fig. 6c) and SWR is weak (Fig. 8) . This zonal change of correlation is explained by the lack of 455 cloudiness east of the dateline that is the only major source of SWR variability. where SWR is low (Fig. 9a) . Coherent variations of intraseasonal winds and SWR occur 460 mostly west of the dateline with a gap in correlation over the maritime subcontinent. As 461 expected, LHTFL strengthens in phase with winds that leads to out-of-phase relationship 462 between intraseasonal LHTFL and SWR (Fig. 9b) . Evaluation of a q indicates that 463 intraseasonal wind fluctuations are not the only forcing of intraseasonal LHTFL. In fact, 464 a q also varies in accord with intraseasonal SWR (Fig. 9c) Nino3 SST (Fig. 10a, inlay) . Here, the standard deviation of intraseasonal SWR increases 486 by up to 5 Wm -2 in response to a 1 o C rise of SST in the Nino3 region (Fig. 10a) . (Fig. 10b and inlay) . 499
This amplification reflects impacts of the westerly wind bursts that often precede the 500 onset of El Niño, which were evident in advance of the 2002/03 El Niño and particularly 501 noticeable in advance of the 1997-98 event (McPhaden, 2004) . 502 503
Conclusions 504
Although the major portion of the intraseasonal variability of LHTFL is accounted for by 505 winds, no one component (wind, air humidity, or sea surface humidity) dominates the 506 variability globally. In particular, contributions of a q and s q are significant along major 507 SST fronts due to moisture transport across the ocean SST fronts by synoptic weather 508 systems. Both the mean LHTFL and its intraseasonal variability weaken over cold SSTs 509 due to low air-sea humidity difference. In contrast, the strongest intraseasonal LHTFL is 510 observed over the warm sectors of SST fronts. following the westward increase of the mean LHTFL in the tropical Pacific (Fig. 1a) . In 572 contrast, somewhat weaker TCORR is observed along 5°N where LHTFL is weaker due 573 to weaker winds and higher specific humidity in the ITCZ. The impact of the ITCZ is 574 better seen in the Atlantic where TCORR decreases below 0.5 in the ITCZ area (Fig.  575   11c ). These comparisons suggest that the LHTFL retrieval should be rectified in the 576 ITCZ area. The air relative humidity has regional maximum in the ITCZ area. Therefore, 577 the meridional displacement of the ITCZ could produce variations of the relative 578 humidity strong enough that need to be accounted for in the Konda et al. (1996) Bowen 579 ratio approach. 580 581 Satellite intraseasonal LHTFL compares well with in-situ LHTFL to within the scatter of 582 the data (Figs. 11b, 11d, 11f) . However, the magnitude of satellite intraseasonal LHTFL 583 is weaker than in-situ data. This bias is more evident in the Pacific where the 584 intraseasonal variations of satellite LHTFL are 15% to 20% weaker than those from 585 buoys, while this bias is less than 10% in the Atlantic and is not evident in the Indian 586
Ocean. We attribute this bias to the spatial and temporal smoothing of satellite data that 587 inevitably results in losing of a portion of variance observed at fixed location and high 588 temporal resolution. 589 shown by closed circles in (a,c,e). 865
